We evaluated relationships among hydrogeomorphology, vegetation structure and composition, and avian communities among three subreaches of the San Acacia Reach of the Middle Rio Grande (MRG) River of New Mexico. The subreaches varied in degradation, with Subreach 1 being severely entrenched and hydrologically disconnected, Subreach 2 being the least impacted, and Subreach 3 being intermediately disturbed. Avian point count and habitat surveys were conducted to determine avian community structure and abundance, geomorphic feature, surface flooding, and vegetation structure and composition. Ground-nesting birds and low shrub-nesting birds were insensitive to hydrogeomorphic changes as they do not rely on native understory but can use exotic understory or woody debris. In contrast, canopy-nesting birds required native overstory; therefore, they were sensitive to hydrogeomorphic changes as native overstory species require surface floods to germinate and establish. Additionally, native overstory did not vary as expected as the moderately impacted subreach, Subreach 3, had more native overstory (x = 30.04%, SE = ±4.57) than the least disturbed subreach, Subreach 2 (x = 11.20%, SE = ±1.96). These findings were a result of temporal asynchrony between hydrogeomorphic conditions and overstory composition. No subreach is unaltered and all have been affected by the hydrologic and geomorphic changes on the MRG.
Introduction
Riparian ecosystems in the semiarid and arid southwestern United States support some of the highest avian species richness and density in temperate North America (Brand et al. 2008) . However, these biodiverse ecosystems are threatened by a lack of legal protection coupled with human population growth and subsequent increasing demands for groundwater and surface water (Stromberg et al. 1996; Brand et al. 2011 ).
Groundwater and stream withdrawals have contributed to the loss and alteration of wetland and riparian ecosystems throughout the Southwestern United States (Levine and Stromberg 2001) . Water-control structures such as diversions, levees, and dams modify flood frequency and duration, surface flow rates, and sediment and nutrient transport (Scott et al. 2000; Levine and Stromberg 2001; Merritt et al. 2010) . Additionally, channelization of rivers has led to channel incision, further altering the depth, timing, duration, and frequency of flooding (Scott et al. 2000; Merritt et al. 2010) . Such changes in the hydrogeomorphology of rivers have led to the degradation of riparian habitats as the native biota has evolved to cope with the dynamic flows of rivers (Stromberg et al. 1996; Scott et al. 2000; Merritt et al. 2010; Merritt and Bateman 2012) .
These hydrologic and geomorphic changes have impacted vegetation communities of southwestern riparian systems. For example, the recruitment of native plants, like Goodding's willow (Salix gooddingii) and Rio Grande cottonwood (Populus deltoides ssp. wislizeni), has declined as the hydrologic conditions needed for seedling establishment, such as spring floods and shallow water tables, have been altered (Stromberg et al. 1996; Hultine et al. 2010) . Thus, riparian corridors along controlled rivers become ideal colonization sites for more stress-tolerant, opportunistic, or xerophytic plants like exotic tamarisk (Tamarix spp.) or Russian olive (Elaeagnus angustifolia), allowing for extensive replacement of native, biodiverse riparian forests by homogenous stands of exotic species (Levine and Stromberg 2001) .
Anthropogenic regulation of the Middle Rio Grande (MRG) River of New Mexico, the reach of the Rio Grande that extends from Cochiti Dam to Elephant Butte Reservoir in New Mexico, has altered the hydrogeomorphology of the system and led to a severe degradation of riparian habitat as the channel has become narrow and incised, flood pulses have been altered, depth to groundwater has increased, and native forests have been replaced by exotic species (Ellis 2007; Schmidt-Petersen 2007) . Currently along the MRG, populations of breeding riparian-obligate birds, such as the Western Yellow-billed Cuckoo (Coccyzus americanus occidentalis) and the endangered Southwestern Willow Flycatcher (Empidonax traillii extimus), are rapidly declining as native riparian forests are replaced by exotic tamarisk stands due to hydrologic alterations (Yong and Finch 1997; Pruett et al. 2001; Schmidt-Petersen 2007; Sechrist et al. 2009; Greco 2013; Sechrist et al. 2013; Friggens and Finch 2015) . The impacts of hydrologic alterations are projected to increase as a result of growing urban, commercial, and agricultural demands on the Middle Rio Grande, placing greater pressure on limited water resources and further depleting an already waterstressed system (Jackson et al. 2001) .
Many avian species respond to alterations in riparian vegetation composition and structure (Van Riper et al. 2008; Royan et al. 2013; Keller and Avery 2014; Royan et al. 2014; Fischer et al. 2015) . For example, studies throughout the southwestern United States have found higher avian species richness in cottonwood and cottonwood-willow communities than in mesquite (Prosopis spp.) or tamarisk stands (Anderson et al. 1977; Ellis 1995; Keller and Avery 2014) . Brand et al. (2011) found that canopy-nesting birds are dependent on mature cottonwood/willow stands; therefore, when depth to groundwater increased, the density of canopynesting birds decreased as mature cottonwoods and willows were lost due to groundwater declines. However, as depth to groundwater increased, tamarisk coverage increased, as did the density of midstory-nesting birds and some understorynesting species. Hydrologic regime has also been found to influence nest survival (Brand et al. 2010) . Brand et al. (2010) found that nest survival for Yellow-breasted Chats and Abert's Towhee was lower in tamarisk stands with intermittent flow (flow duration <92% but >40%) than in tamarisk stands with ephemeral flow (flow duration <40%). Birds are sensitive to changes in riparian vegetation; thus, they are often used as indicators of ecological conditions of riparian and wetland systems and are frequently the aim of conservation and restoration efforts (Sogge et al. 2008) .
Despite the increased understanding of the effects of altered hydrology on riparian vegetation, few studies have examined the effects of hydrology and vegetation on avian communities (Brand et al. 2011) . Therefore, questions remain as to what hydrogeomorphic conditions are needed along the MRG to achieve certain ecological outcomes, such as the conservation of avian populations and communities. The specific objective of this study was to evaluate the effects of surface hydrologic environments, geomorphic setting, and vegetation community structure and composition on avian relative abundance and community structure. We hypothesized that the hydrologic and geomorphic conditions of the MRG would determine the vegetative and avian communities of the ecosystem. Therefore, we made the following predictions. First, there would be significantly more native vegetation cover at sites with more frequent surface flooding (101 cms; 2.5-year flood) than at sites that rarely flood (213 cms; 40-year flood) as the recruitment of native plants require spring floods and shallow water tables for seedling establishment (Stromberg et al. 1996; Hultine et al. 2010) . Second, relative abundance of groundnesting species and low shrub-nesting species would be positively correlated with a wide range of hydrogeomorphic and vegetative conditions, including native and exotic understory and frequent (57 cms; 2-year flood) to rare (213 cms) surface flooding, as studies have found that these two guilds do well in more frequently flooded sites with native vegetation and tolerate drier sites and/or increased tamarisk coverage (Brand et al. 2011) . Third, relative abundance of high shrub-nesting species would be positively correlated with occasional surface flooding (152 cms; 5-year flood) and native overstory and exotic understory. Brand et al. (2010) found that this guild used both native and exotic vegetation, and occasional flooding is needed for native vegetation establishment and persistence (Stromberg 1993) . Fourth, relative abundance of canopy-nesting species would be positively correlated with occasional flooding (152 cms) and native overstory as studies indicate that canopy-nesting birds decreased as mature cottonwoods and willows were lost due to shifts to drier conditions (Brand et al. 2011) . Finally, water-obligate species would be positively correlated with surface water, frequent surface flooding (57 cms), and native understory vegetation as previous studies found species in this guild were associated with open water and native vegetation (Brand et al. 2010 ). This research would increase understanding of songbird responses to vegetation and the limitations of hydrology and geomorphology on avian communities, thus aiding managers in delineating the range of restoration possibilities within given hydrogeomorphic conditions.
Methods

Study Area
This study was conducted in the San Acacia Reach of the MRG of New Mexico within the active floodplain of the Rio Grande from the San Acacia Diversion Dam (river km 187) to the full pool boundary of Elephant Butte Reservoir (river km 100). The San Acacia Diversion Dam was built in 1934 and rehabilitated in 1957. Two uncontrolled tributaries input sediment and water into the San Acacia Reach during summer monsoon storm events (Crawford et al. 1993; Ellis 2007) . Throughout the San Acacia Reach, a low-flow conveyance channel is located on the western side of the Rio Grande and runs parallel to the channel at a lower elevation than the channel, thus acting as a drain for the valley (Towne 2007). The spring hydrograph still maintains the historic timing although magnitude and duration of flows have been altered (Crawford et al. 1993 ). These processes result in a dynamic river (in certain subreaches) that supports one of the largest continuous stretches of native riparian habitat, specifically cottonwood, Goodding's willow, and coyote willow (Salix exigua), and associated wildlife (Ahlers et al. 2010) .
In , all appropriate hydrologic (Tetra Tech 2002 Makar and AuBuchon 2012) , geomorphic (topography) (Lettis and Associates 2003) , and vegetative (community, structure, composition) (Moore and Ahlers 2008) datasets were reviewed and incorporated into a GIS geodatabase to stratify abiotic and biotic components of the San Acacia Reach. From February to May 2012, ground-truthing was conducted throughout the San Acacia Reach to validate stratification. Based on the most current channel geomorphology data (Massong et al. 2006; Holste 2013 ) and ground-truthing, the San Acacia Reach was divided into three subreaches. Subreach 1 is 23 river km long and is a degrading (i.e., entrenching) channel that extends from San Acacia Diversion Dam (river km 187) to Escondida (river km 164). Subreach 2 is 42 river km long and is an aggrading channel that stretches from Escondida (river km 164) to north of the southern boundary of Bosque del Apache National Wildlife Refuge (river km 122). Subreach 3 is 22 river km long and is a degrading channel that extends from north of the southern boundary of Bosque del Apache National Wildlife Refuge (river km 122) to the full pool boundary of Elephant Butte Reservoir (river km 100); degradation was caused by headcutting from Elephant Butte Reservoir northward (Holste et al. 2011; Holste 2013 ).
Site Selection
Forty-four belt transects (20 m wide) of variable length (230 m -1481 m) based on floodplain width were placed perpendicular to the river at stratified random locations (Fig. 1) . Within each belt transect, sampling occurred at 10 m radius plots for vegetation data and 100 m radius variable circular points for avian data (Fig. 2 ). Transects were stratified by subreach (11 transects [340-638 m] Hink and Ohmart (1984) vegetation type using coarse vegetation data from Moore and Ahlers (2008) so that all dominant vegetation types found along the San Acacia Reach occurred along selected transects. Number of transects per subreach varied based on the length of each subreach. Transects were stratified by subreach to test for the effects of different geomorphic settings (degraded channel or aggraded channel) on avian relative abundance and community composition. Transects were located >1 km apart to insure independence among transects.
Hydrology Data
Hydrology data were derived from the 2006 Rio Grande channel planform mapping data (Makar and AuBuchon 2012) 
Vegetation Sampling
Existing vegetation data for the San Acacia Reach were generated using 2002 aerial photography and ground-truthing/ classification using the Hink and Ohmart (1984) vegetation classification scheme (Moore and Ahlers 2008) . Moore and Ahlers (2008) classified vegetation based on the dominant and/or codominant canopy and shrub species, vegetation community structure, and an average vegetation patch size of 9.7 ha. This study required vegetation data at a finer scale (average sample area was 314.16 m 2 ) to adequately describe songbird habitat (Rotenberry 1985; Zurita and Zuleta 2009) along each transect; therefore, data from Moore and Ahlers (2008) were used only for stratification of transects. Finer scale habitat data were collected along all 44 belt transects to determine species composition, stand structure, stem density, and visual obstruction of the vegetative community. Plots were placed so that the vegetation within each 100 m radius avian point count location and along each belt transect was described. Therefore, vegetation plots were located every 50 m along each transect (east to west), and then every 20 m or 50 m and 100 m north and south of each transect, depending on distance from river ( Fig. 2) . At each plot, observers estimated the percent cover of the four most dominant overstory (> 4.5 m) and understory (0.6 m to 4.5 m) species within a 10 m radius circle of the plot center. Percent cover was estimated in increments of five. Hink and Ohmart (1984) structure classes were used to categorize communities into six broad structure types, allowing for high structural variability within a given structure type. Therefore, observers also recorded stem density and visual obstruction data to further refine the broad Hink and Ohmart structure types (Rotenberry and Wiens 1980) . The number of woody stems and Kochia scoparia > 1.37 m tall was recorded in four classes: Class 1 is 0-500 woody stems; class 2 is 500-1000 woody stems; class 3 is 1000-3500 woody stems; class 4 is over 3500 woody stems. Visual obstruction was measured using a modified method of Robel et al. (1970) . We positioned a piece of letter-sized paper 1.68 m above the ground and estimated the percent of the paper that was obstructed by vegetation when viewed from each cardinal direction from 5 m away; the median value of the four numbers was used as the visual obstruction measurement of the plot.
Avian Surveys
Bird data were collected at all 44 transects from 21 May to 10 August 2012 and 2013. One to six point count survey locations were placed on each transect for a total of 69 point count survey locations. Survey locations marked the center of a 100 m radius variable circular plot and were positioned along transects beginning 100 m from the bank of the Rio Grande Fig. 2 Vegetation plot layout along a belt transect. Transects were oriented perpendicular to the river and vegetation composition and stand structure were qualitatively assessed at each plot. Plots were placed so that the vegetation within each 100 m radius avian point count location and along each belt transect was described and spaced 250 m apart to increase likelihood of sample independence. Survey locations were placed >130 m from the upland transition (east side) or the eastern base of the levee (west side) to avoid sampling birds outside of the floodplain.
Survey methods were based on adaptations of Hamel et al. (1996) . Each survey location was visited 4 to 8 times per breeding season, with a minimum of 7 days between visits to increase temporal independence. The order in which survey locations were visited was reversed with each visit to reduce potential bias of time of day. Surveys were not conducted during heavy rains or sustained high winds (20 km/h or greater) as these conditions reduce bird activity and detectability. Point count surveys were conducted from sunrise to 10 AM. After an initial wait period of 5 min, the observer recorded all birds seen or heard during a 10 min period. The 10 min period was divided into 3 time intervals: 0-3 min, 3-6 min, and 6-10 min. For each detection, the observer recorded species, age, distance and direction from survey location, time interval of detection, and for visual observations, sex and behavior indicative of breeding, such as male/female pairs or birds carrying nesting material or food. At each survey, wind strength was recorded using the Beaufort scale and sky conditions (cloud cover and precipitation) were recorded using the Weather Bureau codes (Hamel et al. 1996) . A total of seven observers conducted surveys during the two year study. At the beginning of each field season, every observer completed a minimum of 1.5 weeks of training on survey techniques, including distance estimation and identification of species by sight and sound, before data collection began. Observers were rotated between survey locations so that each observer surveyed every location approximately the same number of times. A two level visibility parameter (high or low visibility) at each site was included as a site-level covariate in relative abundance analyses. A site was deemed to have high visibility if the observer could see for at least 25 m for greater than 324°(90%) of the circular plot.
Statistical Analysis
Hydrogeomorphology and Vegetation
To determine if vegetation species composition (mean percent cover of native and exotic overstory and understory) at the plot level varied along longitudinal hydrologic gradients (among subreaches) and lateral hydrologic gradients (distance from river), we used generalized linear mixed (random plot and fixed explanatory variables) models (PROC GLIMMIX in SAS 9.3). Cumulative logit link and a multinomial distribution were used for vegetation structure variables. Models with logit and log links and binomial (logistic), Poisson, negative binomial, and gamma distributions were compared for each vegetation species composition variable. The best fitting combination of link and distribution (ĉ closet to 1) in the generalized linear model was used for inference for that variable. For longitudinal hydrologic gradient analyses, the model of best fit for percent cover of native overstory (ĉ = 0.79), exotic overstory (ĉ = 0.15), native understory (ĉ = 0.44), and exotic understory (ĉ = 0.24) had a log link and a gamma distribution. For lateral hydrologic gradient analyses, the model of best fit for percent cover of native overstory (ĉ = 0.75), exotic overstory (ĉ = 0.15), native understory (ĉ = 0.50), and exotic understory (ĉ = 0.24) had a log link and a gamma distribution.
Hydrogeomorphology, Vegetation, and Birds
Avian relative abundances were estimated for each species that had >30 individuals detected over both seasons. Flyovers, migrants, and detections greater than 100 m were not used in analyses. Relative abundances were estimated using Royle's (2004) N-mixture models (RStudio 0.98.501, Package Unmarked) (Schmidt et al. 2013) . In sampling, measurement errors occur, including imperfect detection. Royle's (2004) N-mixture models are designed to estimate the number of individuals that were present but not detected by estimating detection and occupancy probabilities for each species based on observed species count data. Following the determination of species detection and occupancy probabilities, a Bayesian bootstrapping procedure estimated the probabilities of birds present. The upper limit for the number of birds present during bootstrapping was set based on the maximum number of individuals of each species detected during a survey. Royle's (2004) N-mixture models estimate number of individuals that use a point count site, rather than true point count site density (Joseph et al. 2009 ). Therefore, the abundance estimates reported are relative abundance estimates of the number of birds present at the site throughout the sample period. One site-level covariate, a visibility parameter at each site, was included in relative abundance analyses. Visit-level, categorical covariates included in the relative abundance analyses were wind strength, cloud cover, precipitation, and time of survey. Akaike Information Criterion was used to determine the model of best fit for each species. The mode of relative abundance estimates produced from Royle's (2004) N-mixture models sometimes overestimated the maximum number of individuals detected at a site as compared to other southwestern avian studies (Rumble and Gobeille 2004; Mcfarland et al. 2012) ; therefore, the more conservative first quartile of relative abundance estimates was used in analyses (Kéry and Schaub 2012) .
Bird species were then grouped into nesting-height guilds and water-obligate species (Ehrlich et al. 1988 , Poole 2005 , Brand et al. 2010 (Table 1) . Species were categorized as ground nesters (0-1 m), low shrub nesters (1-2 m), high shrub nesters (2-4 m), and canopy nesters (> 4 m). Songbirds dependent on surface water in southwestern riparian ecosystems were classified as water-obligate species (Brand et al. 2010 ).
Five separate general linear mixed (random subreach and fixed explanatory variables) models were used to correlate relative abundance of songbird nesting-height guilds and water-obligate species with the hydrologic (area inundated at each site at the 4 different flow levels), geomorphic (subreach), and vegetation variables (mean percent cover of native and exotic overstory and understory) at each point count site (PROC MIXED in SAS 9.3). To estimate total relative abundance of each guild, we summed the species-specific, detection-adjusted estimates of the guild member species (Table 1) ; this accounted for heterogeneous detection probabilities among species. There were 21 vegetation plots within a 100 m radius bird point count site; thus, we calculated the mean of the 21 vegetation plots to get a composite description of the vegetation communities in each bird point count site. Residuals of each model were assessed to evaluate the assumptions of general linear mixed models. Examination of the residuals indicated heteroscedasticity among subreaches in vegetation characteristics (i.e., ranges of vegetation showed limited overlap among subreaches), resulting in an inability to estimate variance components. Therefore, after investigating alternatives, including log transformation of the variables, vegetation variables were nested within subreach so that variance components could be estimated.
Results
Hydrogeomorphology
Overall, the total flooded area was much smaller in subreaches with incised channels (Subreaches 1 and 3) than in the subreach with an aggraded channel (Subreach 2; Fig. 3) . At a discharge rate of 57 cms, inundated areas were limited to active bars within the channel along the incised Subreaches 1 and 3. However, at the same discharge rate on the non-incised channel, Subreach 2, inundated areas were active bars within the floodplain. Along Subreaches 2 and 3, inundated area increased when flows increased. However, along Subreach 1, inundated area did not increase when flows increased from 57 cms to 152 cms due to the steep banks along the incised channel. In summary, Subreach 2, the non-incised channel, had the largest inundated area at each flow level, ranging from 4 to 15 times more flooded habitat than Subreaches 1 and 3. Subreach 1 had the second highest inundated area at flows of 57 cms and 101 cms; however, Subreach 3 had the second highest inundated area at flows of 152 and 213 cms.
Hydrogeomorphology and Vegetation
A total of 1801 vegetation plots were sampled. Excluding the communities that comprised less than 1% of the data set, 14 vegetation communities were documented in our surveys (Fig. 4) . Along the downstream hydrologic gradient, dense monotypic stands of tamarisk occurred most frequently in all subreaches (Fig. 4) . In Subreach 1, dense early succession Russian olive (Elaeagnus angustifolia) was the second most dominant vegetation community, while dense early succession cottonwood was the third most dominant vegetation community (Fig. 4) . However, in Subreach 2, dense coyote willow was the second most dominant vegetation community, and intermediate aged cottonwood with a dense tamarisk understory was the third most dominant vegetation community (Fig. 4) . In Subreach 3, intermediate aged cottonwood with a dense tamarisk understory was the second most dominant vegetation community, while intermediate aged cottonwood with dense woody debris in the understory was the third most dominant vegetation community (Fig. 4) .
There were significant differences in vegetation species composition along a longitudinal hydrologic gradient (among subreaches) (Fig. 4) ; however, these findings did not fully support the prediction that there would be more native Goldfinch vegetation at sites with more frequent surface flooding than at sites that rarely flood. While mean percent cover of native understory (DF = 2, 66; F = 2.23; p = 0.12) and exotic understory (DF = 2, 66; F = 0.82; p = 0.45) did not statistically differ among subreaches, the mean percent cover of native overstory and exotic overstory did statistically differ among subreaches (Fig. 5) . Specifically, mean percent cover of native overstory was greater in Subreach 3 (x = 30.04, SE = ±4.57) than Subreach 1 (x = 12.32, SE = ±2.50; β = 0.41; DF = 1, 61; t = − 2.33; p = 0.02) and Subreach 2 (x = 11.20, SE = ±1.96; β = 0.42; DF = 1, 61; t = − 2.51; p = 0.01), but did not statistically differ between Subreaches 1 and 2 (β = 0.97; DF = 1, 61; t = − 0.12; p = 0.90; Fig. 5 ). Mean percent cover of exotic overstory was greater in Subreach 1 (x = 3.10, SE = ±0.90) than Subreach 2 (x = 1.62, SE = ±0.41; β = 1.22; DF = 1, 66; t = 2.15; p = 0.04) and Subreach 3 (x = 0.26, SE = ±0.14; β = 1.54; DF = 1, 66; t = 3.42; p < 0.01), and greater in Subreach 2 than Subreach 3 (β = 1.26; DF = 1, 66; t = 2.07; p = 0.04; Fig. 5 ). However, the exotic overstory statistical model exhibited very poor fit and showed evidence of uncorrectable overdispersion. Therefore, the statistical significance may over-inflate the biological meaning of this variable.
Along a lateral hydrologic gradient, native overstory (β = 0.10; DF = 1, 1777; t = − 12.70; p < 0.01), exotic overstory (β = 0.10; DF = 1, 1777; t = − 12.24; p < 0.01), and native understory (β = 0.10; DF = 1, 1777; t = −4.18; p < 0.01) were negatively associated with distance from the river, while exotic understory was not associated with distance from the river Communities that comprised less than 1% of the data set are not included; therefore, percentages per subreach do not total 100. Canopy and understory layers are separated by a slash (/). Vegetation community types are denoted using Hink and Ohmart (1984) (β = 1.00; DF = 1, 1777; t = 0.66; p = 0.51). Dense coyote willow occurred most frequently on the banks of the river throughout the San Acacia Reach; however, at >50 m from the river bank, dense tamarisk occurred most frequently (Fig. 6 ).
Avian Data
A total of 999 point count surveys were completed throughout the 2012 and 2013 breeding season. Sixty-nine land bird species were detected over the two breeding seasons (Hamilton 2014) . However, only 25 species were detected >30 times over the two breeding seasons, and these were the species used in analyses ( 
Hydrogeomorphology, Vegetation, and Birds
Nest Height Guilds
Results presented are specific to the subreach (Table 3) ; however, where these hydrogeomorphic and vegetative conditions existed at the avian point count level in other subreaches, these Vegetation community types are denoted using Hink and Ohmart (1984) correlations likely existed. The prediction that relative abundance of ground-nesting species and low shrub-nesting species would be correlated with a wide range of hydrogeomorphic and vegetative conditions was supported. Ground nesters were positively correlated with areas that flooded at 101 cms (β <0.01, t 1,108 = 2.62, P = 0.01), exotic overstory on Subreach 2 (β = 0.26, t 3,108 = 2.06, P = 0.04), native understory on Subreach 2 (β = 0.04, t 3 , 108 = 2.45, P = 0.02), and exotic understory on Subreach 1 (β = 0.10, t 3,108 = 3.28, P < 0.01) and Subreach 2 (β = 0.06, t 3,108 = 2.80, P = 0.01). Low shrub nesters were positively correlated with areas that flooded at 57 cms (β < 0.01, t 1,108 = 2.85, P = 0.01), native overstory on Subreach 1 (β = 0.20, t 3,108 = 2.56, P < 0.01), and woody debris in the understory on Subreach 1 (β = 1.08, t 3,108 = 2.44, P = 0.02), while this guild was negatively correlated with rare woody understory species on Subreach 1 (β = −0.59, t 3,108 = 2.87, P < 0.01).
The prediction that relative abundance of high shrubnesting species would be correlated with occasional surface flooding, native overstory, and exotic understory was not supported as high shrub nesters were positively correlated with areas that inundated at 101 cms (β < 0.01, t 1,108 = 2.16, P = 0.03) rather than the predicted flow rate of 152 cms. The prediction that relative abundance of canopy-nesting species would be correlated with occasional flooding and native overstory was supported. Canopy nesters were positively correlated with areas that flooded at 152 cms (β < 0.01, t 1,108 = 3.45, P < 0.01) and native overstory on Subreach 1 (β = 0.31, t 3,108 = 3.3, P < 0.01), while this guild was negatively correlated with exotic overstory on Subreach 1 (β = −0.59, t 3,108 = 2.99, P < 0.01) and areas that inundated at 101 cms (β < −0.01, t 1,108 = 3.59, P < 0.01). The prediction that waterobligate species would be correlated with surface water, frequent surface flooding, and native understory vegetation was partially supported. Water-obligate species were positively correlated with native understory on Subreach 2 (β = 0.03, t 3,108 = 2.90, P < 0.01) and exotic understory on Subreach 2 (β = 0.04, t 3,108 = 3.38, P < 0.01), while they were marginally negatively correlated with increased distance from the river (β < −0.01, t 1,108 = 1.8, P = 0.07).
Discussion
Hydrogeomorphology and Vegetation
Based on previous studies, we expected strong longitudinal and lateral patterns in vegetation species composition because of subreach differences in channel incision and lateral differences in flood frequency, respectively. We observed differences in vegetation communities laterally and among subreaches; however, the dominant plant community type throughout all reaches was tamarisk. Furthermore, we expected native overstory to be greater in Subreach 2 as it is an aggrading reach with more frequent flooding than the incised Subreaches 1 and 3. However, native overstory did not vary as expected as Subreach 3 had more native overstory than Subreaches 1 and 2 (Fig. 5) . These findings are a result of conditions necessary for establishment and survival of native species as well as temporal asynchrony between hydrogeomorphic conditions and overstory composition. Native vegetation species require overbank flooding, geomorphic disturbance, and shallow groundwater for establishment (Johnson 2000; Levine and Stromberg 2001) , all of which are negatively affected by surface water diversions and channel incision (Stromberg et al. 1996; Scott et al. 2000) . However, once established, native overstory trees may persist for some period of time provided soil moisture conditions are adequate for tree growth and survival and even if these conditions are unsuitable for their regeneration (Stromberg 1993) . The vegetative communities found along subreaches indicate that although hydrogeomorphic differences exist among subreaches, no subreach is unaltered and all have been affected by the hydrologic and geomorphic changes on the Middle Rio Grande (Brand et al. 2013) . Although all subreaches were affected by hydrogeomorphic changes, vegetation was structured, to some degree, along a lateral gradient and among subreaches. Laterally, native overstory, exotic overstory, and native understory were negatively associated with distance from the river, indicating that the hydrogeomorphic conditions near the river were conducive to the establishment and survival of these groups of species. Sites closer to the river typically receive more frequent hydrologic and geomorphic disturbances and have higher groundwater tables, all of which are conducive to establishment of native species (Brand et al. 2008; Caplan et al. 2013) . Past studies also indicate that once native species are established, they can effectively compete with exotic species provided groundwater and surface water conditions continue to be conducive for survival (Stromberg et al. 1996) . In the incised Subreaches 1 and 3, the lateral distribution of native species was more compressed than in Subreach 2, but native species were still able to establish and persist along the river banks, at the more hydrogeomorphically active sites. Subreaches 1 and 3 had less hydrogeomorphically active sites than Subreach 2 (Fig. 3) ; therefore, it was not surprising that these subreaches had lower percent cover of native understory than Subreach 2 (Fig. 5) . Furthermore, exotic understory was not associated with distance from the river, indicating that exotic tamarisk does not require the shallow depth to groundwater found near the banks of the river to persist (Horton et al. 2001; Stromberg et al. 2007 ).
We also found distinct differences in hydrologic conditions and vegetation communities among subreaches (Figs. 4 and 5) . Specifically, native overstory was statistically greater in Subreach 3 than in Subreaches 1 or 2. This finding indicates that even along incised reaches, native plants can persist, leading to temporal asynchrony of hydrogeomorphic conditions and vegetation, specifically along Subreaches 1 and 3. While hydrogeomorphic changes can be so dramatic that overstory trees quickly die off, less extreme hydrogeomorphic changes can allow for survival of native overstory and lead to a legacy effect (Katz et al. 2005; Greene and Knox 2014) . Subreaches 1 and 3 exemplified this legacy effect as native tree species persisted along these incised subreaches, reflecting hydrogeomorphic conditions approximately 20 to 80 years ago when these trees became established. For instance, the unanticipated large amount of native overstory found along Subreach 3 could be explained by past hydrogeomorphic conditions. Subreach 3 is just north of Elephant Butte Reservoir, and the area was colonized by willows in the late 1990s as the reservoir levels receded (Ahlers et al. 2010 ). However, due to headcutting that noticeably began in 2004 (Holste 2013) , the channel on this subreach is rapidly incising and areas that once supported vigorous stands of willows have begun converting to stands of exotic tamarisk (personal observation) as overbank flooding rarely occurs now (Ahlers et al. 2010) .
When compared, these three distinct subreaches provide valuable information on the various effects that hydrogeomorphic conditions have on riparian vegetation. Although all subreaches have been hydrogeomorphically affected by anthropogenic regulation and are consequently dominated by exotic tamarisk, the second and third dominant plant communities along each subreach differ and provide valuable information on the effects that various hydrogeomorphic conditions have on riparian vegetation. Native coyote willow stands along Subreach 2 indicate that native species can establish and thrive when lateral hydrologic connectivity remains intact and the channel is not incised. Subreach 3 exhibits hydrologic conditions intermediate of Subreach 1 and 2 as this subreach continues to incise; thus, the native overstory with exotic species or woody debris (primarily dead coyote willow that could not survive groundwater declines) in the understory reflect the effects of rapid channel incision. Finally, dense Russian olive and legacy cottonwoods found along Subreach 1 indicate that in some cases vegetative species can persist along a severely incised channel; however, their persistence is expected to be dependent upon the effects of channel incision on groundwater depth and soil moisture.
Hydrogeomorphology, Vegetation, and Birds
The results of this study indicate that avian guilds varied among hydrogeomorphic conditions and resulting vegetative differences. Canopy-nesting birds require native overstory (Hunter et al. 1987; Scott et al. 2003; Brand et al. 2011) ; therefore, this guild was sensitive to hydrogeomorphic changes as native overstory species, such as cottonwood and Goodding's willow, require overbank flows to germinate and establish (Stromberg et al. 1996; Merritt and Bateman 2012) . The negative correlation between canopy nesters and areas that inundated at 101 cms was likely a result of these areas being inundated too frequently to allow for survival of native trees to grow to overstory heights. Species within the canopynesting guild were more abundant along Subreach 3 in plots close to the river, where native overstory percent cover was high. While vegetation clearly influenced canopy-nesting guilds along Subreaches 1 and 2, canopy nesters were occasionally detected at sites without native overstory; however, our data show that native overstory was present nearby, outside the sampling plot.
Water-obligate species were most abundant at sites adjacent to the river, indicating that they may be sensitive to hydrogeomorphic conditions as they require close proximity to surface water (Brand et al. 2011; Hinojosa-Huerta et al. 2013) . Other guilds that utilize understory vegetation, such as ground-nesting birds and low shrub-nesting birds, showed less sensitivity to hydrogeomorphic changes as they did not rely solely on native understory but were positively correlated with exotic understory and woody debris, respectively. Historically, species in the ground-nesting and low shrubnesting guilds nested in dense stands of early successional vegetation (Eckerle and Thompson 2001; Kus et al. 2010 ), but where altered hydrogeomorphic conditions have led to decreased recruitment of cottonwood/willow and an increase in tamarisk, species in these guilds have been documented using tamarisk (Ellis 1995; Sogge et al. 2008; Brand et al. 2011) . Some studies have found an increase in density of ground and shrub-nesting species with an increase in tamarisk cover (Ellis 1995; Brand et al. 2011) . Canopy-nesting birds and water-obligate species are sensitive to hydrogeomorphic changes, thus these two guilds can be used as indicators of riparian condition in southwestern river ecosystems (Rich 2002; Brand et al. 2011; Hinojosa-Huerta et al. 2013 ).
Conclusions
The San Acacia Reach of the Middle Rio Grande of New Mexico is highly modified, resulting in vegetative shifts from native cottonwood/willow forests to exotic tamarisk stands. This was reflected as invasive tamarisk was the dominant species in all 3 subreaches (Fig. 4) . Even along Subreach 2, where surface flooding is most active, exotic understory was the most dominant plant cover (40%) (Figs. 4 and 5) . The unanticipated low cover of native vegetation along Subreach 2 could be related to increased depths to groundwater and/or the presence of exotic understory that is preventing native species establishment. For instance, 31% of inundated plots at 152 cms (a 5-year flood) along Subreach 2 supported dense tamarisk with no overstory. If tamarisk was not present at these sites, native vegetation could be established during these high flow events. While Subreach 2 has the highest restoration potential as overbank flooding is most active along this subreach, dense tamarisk must be removed first to allow native species establishment (Tetra Tech 2004) . Surface flooding is limited along incised Subreaches 1 and 3, therefore bank modification (e.g., lowering bank height, removal of root armoring) as well as tamarisk removal prior to surface flooding may be necessary in restoration efforts focused on promoting native riparian vegetation recruitment (Tetra Tech 2004) .
This research has increased understanding of songbird responses to vegetation and the limitations of hydrology and geomorphology in a semi-arid system. By delineating the geomorphic and hydrologic differences among subreaches of the San Acacia Reach, we were able to compare vegetative and songbird communities in different hydrogeomorphic settings. Results suggest that maintaining or increasing overbank flows may increase avian relative abundance, particularly in Bell's Vireos, Black-chinned Hummingbirds, Summer Tanagers, Western Yellow-billed Cuckoos, Lucy's Warblers, and other canopy-nesting species, as overbank flows promote establishment and survival of native overstory and understory (Stromberg et al. 1996; Johnson 2000; Levine and Stromberg 2001) . Even along incised subreaches, legacy cottonwood and Goodding's willow trees provide suitable habitat for canopy-nesting birds now and in the near future. However, incised channels do not well support regeneration of cottonwood and Goodding's willow as overbank flows occur less frequently along incised reaches (Stromberg et al. 1996; Katz et al. 2005; Stromberg et al. 2007) . Therefore, incised subreaches with legacy trees provide suitable habitat for canopy-nesting birds now and in the near future, but these habitat conditions are not sustainable long-term. If riparian restoration is not done along incised subreaches to increase surface flooding and regeneration of native tree species, existing native overstory will eventually die-off, resulting in a decline of canopy-nesting birds and species of concern, such as the Western Yellow-billed Cuckoo and Lucy's Warbler.
Based on findings of previous studies, surface flooding alone may be insufficient to support native vegetation as depth to groundwater has a strong influence on regeneration of cottonwood and Goodding's willow and can strongly affect tree growth, stress, and survival (Stromberg et al. 1996; Horton et al. 2001; Brand et al. 2010; Brand et al. 2011) . As increased depths to groundwater is a pressing issue along the Middle Rio Grande (Bowman 2007) , future research should assess and integrate groundwater processes to enhance our understanding of water, vegetation, and avian community linkages.
